ABSTRACT The insect growth regulator (IGR), dißubenzuron (Dimilin 2L), was evaluated for its effect on development of Copidosoma floridanum (Ashmead) and its host, Pseudoplusia includens (Walker), when applied at 0.035 kg ai/ha to soybean, Glycine max (L.), a rate used in preventive programs for control of velvetbean caterpillar, Anticarsia gemmatalis Hü bner. Parasitized and nonparasitized soybean looper larvae were fed either dißubenzuron-treated or nontreated foliage. The feeding period of parasitized larvae was 1.7 and 1.8 d longer on dißubenzuron-treated and nontreated foliage, respectively, than that of nonparasitized larvae. Pupation period of C. floridanum and soybean looper was not signiÞcantly inßuenced by dißubenzuron. Although parasitized soybean looper fed both foliage treatments experienced 100% mortality, nonparasitized soybean looper fed nontreated foliage was 23.2% and nonparasitized soybean looper fed dißubenzuron-treated foliage was 12.2%. Parasitized soybean looper fed nontreated foliage consumed 19.2% more leaf area than nonparasitized larvae fed nontreated foliage, whereas parasitized soybean looper fed dißubenzuron-treated foliage consumed 21.2% more leaf area than nonparasitized larvae on the same foliage. There was no signiÞcant difference in number of parasitoids emerging from host mummies among treatments; however, there was a positive correlation between leaf area consumed and adult parasitoids per mummy. Dißubenzuron does not appear to produce deleterious effects in C. floridanum or its host, soybean looper, at the current rate used for management of other lepidopteran pests.
DIFLUBENZURON (DIMILIN 2L
) is an insect growth regulator (IGR) that inhibits chitin synthesis during formation of an insectÕs exoskeleton (Marx 1977) . Of the two major defoliating pests of soybean, Glycine max (L.) Merrill, in Louisiana, dißubenzuron is highly effective against the velvetbean caterpillar, Anticarsia gemmatalis Hü bner, (Layton and Boethel 1987) but ineffective against the soybean looper, Pseudoplusia includens (Walker) (Wier et al. 1991) . Because of the time required for mortality (Marx 1977) and high level of persistence under Þeld conditions (Bull and Ivie 1978) , producers routinely apply dißubenzuron at the R2-R3 growth stage of soybean before velvetbean caterpillar populations become established. This preventive management program has been practiced in regions of Louisiana where the soybean looper historically does not reach levels justifying insecticide treatment.
Natural enemies regulate the insect pests that occur at subeconomic levels on a vast majority of U.S. soybean acreage every year (Newsom et al. 1980) . In Louisiana, Burleigh (1971) found Copidosoma floridanum (ϭtruncatellum) (Ashmead) (Noyes 1998), a polyembryonic egg-larval parasitoid, to be the predominant parasitoid among those reared from soybean looper. In a more recent study, Daigle et al. (1990) also found C. floridanum to be the second most and predominant parasitoid reared from soybean looper in consecutive years, respectively. Although Hunter and Stoner (1975) consider this parasitoid to have potential as a biological control agent because of itÕs high reproductive ability, parasitized larvae develop more slowly and consume more foliage than do nonparasitized larvae (Orr and Boethel 1985) . The latter characteristic may offset the reduction in host population size and therefore inßuence efforts to integrate C. floridanum in integrated pest management (IPM) programs (Hunter and Stoner 1975) .
Both by direct interaction with parasite endocrine systems and indirectly through host physiology, insect growth regulators cause numerous sublethal effects, including increases and decreases in fecundity and developmental rate, and changes in sex ratio, diapause, and morphology (Croft 1990) . In a management program wherein dißubenzuron is applied in a preventive manner, soybean loopers are exposed to sublethal doses of the insecticide throughout larval development. No one has reported information concerning the effects of dißubenzuron, ingested through treated foliage in the Þeld, on an internal parasitoid. Other studies demonstrated that topical dißubenzuron applications to parasitized pupae of the house ßy, Musca domestica L., had no observable effects on the emergence of the parasitoid, Muscidifurax raptor Girault and Sanders (Ables et al. 1975) , and topical applications to Apanteles marginiventris (Cresson) adults caused no signiÞcant mortality (Wilkinson et al. 1978) . In contrast, topical treatment of adult Brachymeria intermedia (Nees), a pupal parasite of Lymantria dispar (L.), resulted in the production of multiple progeny within a single host, whereas there is normally only one offspring per host pupa (Khoo et al. 1985) . The authors concluded progeny of treated adults possessed less highly sclerotized mandibles than those from nontreated parasitoids; therefore, mandibles were unsuitable for larval Þghting in the pupal host. Our study was undertaken to determine if feeding by soybean looper on dißubenzuron-treated soybean foliage adversely affected development and survival of its parasitoid, C. floridanum, and to determine if soybean looper feeding patterns changed as a result of the interacting factors of parasitism by C. floridanum and exposure to sublethal doses of dißubenzuron.
Materials and Methods
The four treatment combinations studied were as follows: nonparasitized soybean looper larvae fed dißubenzuron-treated foliage; nonparasitized soybean looper larvae fed nontreated foliage; parasitized soybean looper larvae fed dißubenzuron-treated foliage; and parasitized soybean looper larvae fed nontreated foliage. Parasitized and nonparasitized soybean looper larvae reared on a pinto bean-based meridic diet (Thomas and Boethel 1993 ) also were included. Dißubenzuron was applied at the rate recommended (0.035 kg [AI]/ha) in preventive control programs for velvetbean caterpillar.
Copidosoma floridanum were obtained from soybean looper larvae collected from tomato, Lycopersicon esculentum Mill (Homestead, FL, 9 July 2000) . Both the C. floridanum colony and the soybean looper laboratory colony used in the experiment were maintained at 25.6 Ϯ 0.7ЊC, 66 Ϯ 1.1% RH, and a photoperiod of 14:10 (L:D) h (standard conditions). Soybean looper eggs, oviposited on paper towels, were separated into two cohorts. One cohort was exposed to a C. floridanum colony for 24 h for parasitism, whereas the other was left nonparasitized. Each egg sheet was placed in a plastic bag Þlled with air, and a small portion of meridic diet was added to provide a food source for emerging larvae.
Soybean foliage was treated on the same day as soybean looper egg hatch. Dißubenzuron (Dimilin 2L, 22.0% [ai wt:wt], Uniroyal, Middlebury CT) was applied to ÔHartz 4998RRÕ (Maturity Group IV) soybeans (R4 growth stage) with a hand-held CO 2 sprayer calibrated to deliver 15 GPA at 30 psi through TeeJet 8002 ßat fan nozzles (two per row). Treated and nontreated plots were 9.1 m long by 4 rows. Foliage from the upper 1/3 of the canopy was collected approximately 6 h following application, placed in separate plastic bags, and transported to the laboratory. Neonate larvae were placed in petri dishes (100 by 15 mm) supplied with a moistened 9-cm disk of Þlter paper, and either a treated or nontreated soybean leaßet. Petri dishes were maintained under standard conditions. In total, 40 larvae were studied for each treatment.
The surface area of soybean leaßets was recorded using an area meter (model LI-3000, Li-Cor, Lincoln, NE) before introduction into petri dishes with soybean looper larvae, and again when the leaßets were removed. All leaves were from soybean plants in the R4-R5 (Fehr et al. 1971 ) growth stage. Leaßets were changed every 48 h through approximately the fourth instar of development and every 24 h thereafter. Replacement leaves were collected on each of those days from the upper 1/3 of the canopy from a row previously not picked. Soybean looper larvae also were observed daily to determine developmental stage and adult parasitoid emergence.
Means for leaf consumption, larval development, time of pupation, and number of emerging adult parasitoids were compared among treatments using the mixed procedure (PROC MIXED, SAS Institute 1998b). Those variables with a signiÞcant F value (␣ ϭ 0.05) were separated using the Tukey studentized range test (Tukey, SAS Institute 1998a). Mortality was analyzed with categorical data and contrasts (PROC CATMOD SAS Institute 1998a). Larvae from the parasitized cohort that developed into moths were pooled with the dißubenzuron (nonparasitized) and nontreated (nonparasitized) treatments for all data analysis. A correlation analysis was run on the number of parasitoids emerging per mummy and leaf consumption data (PROC CORR, SAS Institute 1998a). Parasitoids were identiÞed by Gregory Zolnerowich (Department of Entomology, Kansas State University), and voucher specimens are deposited in the Louisiana State University Arthropod Museum, Baton Rouge, LA.
Results and Discussion
Larval developmental period of parasitized soybean loopers was signiÞcantly longer than that of nonparasitized larvae (F ϭ 12.59; df ϭ 3, 103; P ϭ 0.0001) ( Table 1) . Increased duration of development is characteristic of hosts parasitized by Copidosoma spp. (Orr and Boethel 1985 , Strand 1989 , McPherson 1993 . The interval from mummy (the remnant larval host cuticle containing pupating parasitoids) formation to emergence of adult C. floridanum was not signiÞcantly different between those reared on dißubenzuron-treated and nontreated foliage (F ϭ 0.86; df ϭ 1, 35; P ϭ 0.359 (Table 1 ). There also was no signiÞcant difference in the time required for nonparasitized soybean looper to undergo pupation on either type of foliage (F ϭ 1.66; df ϭ 1,73; P ϭ 0.192) ( Table 1) .
The majority of nonparasitized soybean looper larvae reared on nontreated foliage developed through six larval stadia; however, 3.3% did undergo seven stadia. Orr and Boethel (1985) observed fewer larval stadia, with 90.4% of nonparasitized soybean looper developing through Þve larval stadia when fed a susceptible soybean genotype. Of the larvae reared on dißubenzuron-treated foliage, 97.1% developed through six stadia; the remainder passed through only Þve stadia. All parasitized larvae fed nontreated foliage developed through six stadia, whereas 96.0% and 4.0% of those fed dißubenzuron-treated foliage developed through six and seven stadia, respectively. Parasitized larvae reared on dißubenzuron-treated and nontreated foliage experienced 100% mortality (Table 1) . Nonparasitized soybean looper larvae reared on nontreated foliage experienced a mortality of 23.3% and nonparasitized larvae reared on dißuben-zuron-treated foliage had the lowest mortality of all treatments. Overall mortality was signiÞcantly different between nonparasitized treatments ( 2 ϭ 240.1, df ϭ 1, P ϭ 0.0001).
Soybean looper larvae parasitized by C. floridanum consumed signiÞcantly more total leaf area than nonparasitized larvae reared on the same dißubenzuron-treated and nontreated foliage (F ϭ 6.91; df ϭ 3, 10; P ϭ 0.0003) ( Table 2 ). Parasitized soybean looper larvae fed dißubenzuron-treated foliage consumed 21.2% more leaf area than nonparasitized larvae fed the same foliage, whereas parasitized soybean looper fed nontreated foliage consumed 19.2% more leaf area than nonparasitized larvae (Table 2) . Orr and Boethel (1985) found that C. floridanum-parasitized soybean looper larvae consumed 40.7 and 46.4% more foliage of a susceptible and resistant soybean genotype, respectively, than nonparasitized larvae to complete development. Similarly, larvae of the cabbage looper, Trichoplusia ni (Hü bner), parasitized by C.floridanum consumed 35% more artiÞcial diet than nonparasitized larvae (Hunter and Stoner 1975) . Increased food consumption by larvae parasitized by Copidosoma spp. has been cited as a limitation of this parasitoidÕs effectiveness as a biological control agent (Orr and Boethel 1985, Hunter and Stoner 1975) .
The number of parasitoid adults eclosing per mummy was not signiÞcantly different among treatments (F ϭ 1.46; df ϭ 2, 56; P ϭ 0.2405) ( Table 2 ). Soybean looper parasitized by C. floridanum and fed a susceptible soybean genotype had a greater number of parasitoids emerging from them than those fed a resistant genotype (Orr and Boethel 1985) . Adult parasitoids per host reared on dißubenzuron and nontreated foliage ranged from 309 to 1,432. Secondary clutch sizes (number of emerging progeny) for C. floridanum commonly exceed 2,000 parasitoids per host, with the largest brood reported to be 3,055 (Alvarez 1997) .
A positive correlation was observed between total leaf consumption by parasitized larvae and number of adult parasitoids per mummy (F ϭ 44.96; df ϭ 1, 37; P ϭ 0.0001, p ϭ 0.65112) (Fig. 1) . Strand (1989) determined there was a positive relationship between the weight of parasitized cabbage looper at the initiation of its cocoon spinning and the size of the C. floridanum clutch, and McPherson (1993) found similar results with soybean looper parasitized by C. floridanum. Larval host development through the cocoon-spinning Column means followed by the same letter are not signiÞcantly different (P Ͻ 0.05; Tukey). a Unequal sample sizes; individuals of parasitized cohort completing development grouped with nonparasitized cohort. Column means followed by the same letter are not signiÞcantly different (P Ͻ 0.05; Tukey). phase is important for completion of C. floridanum development (Strand et al. 1990) , which occurs in synchrony with that of its host (Strand 1989) . Reed and Bass (1981) determined that elimination of dißubenzuron in soybean looper larvae is very rapid, and concluded that continuous feeding on nutrient medium surface-treated with dißubenzuron is more effective than single-dose feeding in producing mortality of soybean looper larvae. In this study, soybean looper and its internal parasitoid, C. floridanum, were exposed to dißubenzuron for the entire larval developmental period. The results from this study indicate that C. floridanum is not inßuenced by indirect exposure to the IGR dißubenzuron; therefore, treatments on soybean for pest species other than soybean looper could be compatible with survival of this parasitoid.
